a Objective: To assess changes over time in neuropsychological test results (NPr) and risk factors among a regularly followed HIV-infected patient population.
Such persistence of HANDs may reflect a failure of antiretrovirals to reverse neurological damage, result from prolonged survival or illustrate the effects of sustained central nervous system (CNS) inflammation [1, 8] . Other authors have suggested a potential neurotoxic role of antiretrovirals in the persistence of HANDs [9] .
New insights in the treatment of HANDs have been provided by the concentration penetration effectiveness (CPE) score, which ranks antiretrovirals according to their capability to penetrate into the CNS [10] .
Indeed, brain penetration of antiretrovirals appears crucial to achieve the goal of maximal HIV suppression, but it is difficult to assess how well cerebrospinal fluid (CSF) drug concentrations reflect parenchymal diffusion of molecules [1] .
Moreover, dynamics of cognitive changes over time have been essentially studied on patients initiating or modifying treatment and results are contradictory in terms of the clinical benefits of choosing drug combinations with high CNS penetration [11] [12] [13] [14] .
Indeed, Cysique et al. [11] showed that high CNSpenetrating drugs are linked to greater improvement in neuropsychological performance, whereas Marra et al. [12] showed clinical worsening when switching to high penetrating regimens.
An ongoing unanswered question is whether antiretrovirals with high CNS penetration protect against cognitive deterioration, and at present there is no evidence to support the initiation of cART with better CNS-penetrating molecules for preventing HANDs [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Neuradapt is a study on the prevalence and risk factors for neurocognitive impairment in a population of randomly selected HIV-infected patients. In a crosssectional study, we previously showed that microbial translocation, hepatitis C co-infection and high HIV-DNA proviral load were risk factors for HANDs [7] . We subsequently performed a follow-up analysis, in order to measure changes over time in neuropsychological performance and to identify factors linked to clinical deterioration.
In particular, we focused on the CPE score and its potential impact on clinical outcome.
Methods

Study design and participants
We randomly selected HIV-1-infected patients above 18 years of age among patients followed in the Department of Infectious Diseases at Nice University Hospital. No limits were set concerning CD4 þ cell count or HIV viral load.
Exclusion criteria included active opportunistic infection, a change in psychotropic therapy within the past 3 weeks or any neurological history. Patients were asked to provide informed consent. The study was approved by the Montpellier Ethics Committee.
Each patient performed a wide range of neuropsychological tests administered by a single trained neuropsychologist.
Tests explored a wide spectrum of cognitive domains: learning and recall episodic memory, attention/concentration, working memory, executive functions, language, visual agnosia and motor/psychomotor speed.
The following neuropsychological tests were performed: (1) The neuropsychological scores from each test were transformed into z-scores as described elsewhere [12] , and were adjusted for age, sex and years of education, using standardized norms. The mean duration of tests was 90 min per patient.
According to the American Academy of Neurology (AAN) revised criteria [17] , the definition of HAND includes the three following categories:
( [9] of current ART upon inclusion.
Patient follow-up
Patients included in the Neuradapt study continued regular follow-up with clinical evaluation and blood tests. Those who also accepted to repeat neuropsychological evaluation were submitted to the same panel of tests as upon inclusion, approximately 2 years later, in order to identify any changes, and continued to participate in the study.
The following parameters were considered during follow-up: CD4 þ and CD8 þ T-cell count, HIV-RNA viral load, viral hepatitis markers, changes of cART and type of antiretroviral therapy, and CPE score at the end of follow-up.
Neuropsychological testing follow-up
For each patient, comparison between neuropsychological testing results at inclusion and at the end of followup allowed three situations to be identified to changes in AAN subgroups of impairment:
In the HAND group, change over time was defined as a switch in impairment subgroup (i.e. ANI, MND and HAD).
Among the non-HAND group, changing from NT to one cognitive domain 2 SD below the mean was considered as worsening (or conversely as improvement), whereas in case of a change from normal tests to one cognitive domain 1 SD below the mean, patients were considered as stable.
Statistical analysis
Patients with either improvement or stable neuropsychological tests were compared with those with clinical worsening.
Means were compared using Student's t-test and analysis of variance (ANOVA), and independent risk factors were identified by multivariate analysis. A P-value less than 0.05 was considered significant. Among the 160 patients who did not repeat neuropsychological evaluation, the main reasons for exclusion were lack of interest in continuing the study or noncompliance with the study schedule. One patient died during follow-up. Among patients who refused to continue follow-up, 24 of 160 presented with HANDs (15%), whereas 136 of 160 did not have HANDs (85%). Among these 24 patients with HANDs not continuing the study, the main subgroups of impairment included ANI (14/24) and MND (8/24), whereas only two patients had HAD.
Results
Characteristics of patients at inclusion and comparison with excluded patients
Among the 49 patients initially diagnosed with HANDs, 25 continued follow-up (51%), whereas 71 of 207 patients without HANDs accepted neuropsychological retesting (34%).
Participants and nonparticipants to follow-up were comparable with regard to age, sex, mean and nadir CD4 þ cell count, detectable HIV-RNA viral load, HIV-DNA viral load, HBV and HCV co-infection, smoking, hypertension, alcohol use, IDU, dyslipidemia and use of psychotropic molecules (data not shown).
Mean duration of follow-up was 22.4 months [95% confidence interval (CI) 21.5-23.3]. Table 1 summarizes participants' main characteristics.
Neuropsychological testing follow-up
Among the 96 patients who participated, 25 (26%) were defined as suffering from HANDs (13% ANI, 10% MND and 3% HAD) upon initial testing.
Upon neuropsychological retesting, six patients showed clinical improvement, 31 had worsened and 59 were stable, resulting in 43 patients presenting with HANDs (45%). The majority of HAND cases consisted of ANI (26%) and MND (16%), whereas the proportion of HAD remained stable at 3% (Fig. 1) .
Among the 25 patients with HANDs at inclusion, 17 remained stable (68%), three worsened (12%) and five improved (20%).
The majority of patients newly diagnosed with HANDs came from the subgroup of patients with neuropsychological deficit, who worsened in 24 of 38 cases, whereas only three of 25 patients with initial normal tests contributed to new cases of HANDs.
The main cognitive deteriorations were identified for executive functions (16 cases), speed of information processing (13 cases) and recall memory (12 cases), followed by working (8 cases) and learning (6 cases) memory. antiretroviral regimen was more frequently due to virological failure than to side effects or comorbid conditions (7 vs. 4 patients), differing from the non-HAND group (11 vs. 17 patients, respectively).
Course of neuropsychological deficit, asymptomatic neurocognitive disorder, mild neurocognitive disorder and HIV-associated dementia over time Because the role of ANI as a genuine impairment category is debated [12] , we studied the outcome over time in this subgroup: among 12 patients initially diagnosed as presenting with ANI, eight maintained the same performance, two improved and two progressed to MND.
Among 13 patients initially diagnosed with MND or HAD, nine were stable, three improved and one worsened.
Among the 38 patients with an initial diagnosis of neuropsychological deficit (thus not classified in the HAND group), 11 evolved towards ANI and six towards MND.
Factors linked to changes in neuropsychological performance
Comparison between patients with either improvement or stable neuropsychological tests and those with clinical worsening showed that lower CPE scores at inclusion (6.9 vs. 8.1; P ¼ 0.005) and at the end of follow-up (7.2 vs. 7.8; P ¼ 0.08), and longer duration of exposure to their current cART regimen (31 vs. 22 months; P ¼ 0.06) were associated with clinical deterioration (Table 2) .
After adjustment for potential confounding factors, CPE scores at inclusion and at the end of follow-up were still independently related to neuropsychological performance (Table 3) .
Patients with clinical worsening did not differ for smoking, hypertension or diabetes (data not shown).
In order to assess if cognitive changes were linked not only to CPE scores but also to any difference in the class of antiretrovirals, patients were classified into the following three groups: The main combination for users consisted of two nucleotide reverse transcriptase inhibitors (NRTIs) and a protease inhibitor, whereas in PI-sparing regimens, the main treatment consisted of two NRTI and a nonnucleoside reverse transcriptase inhibitor (NNRTI), followed by three NRTIs.
Among the 31 patients with clinical worsening, 17 (55%) received cART with a protease inhibitor during followup, nine (29%) without, whereas five (16%) were not treated.
Among the other 65 patients who did not have clinical progression, 34 (52%) had a protease inhibitor, 24 (37%) did not and seven (11%) were treatment-naive.
Differences between the two groups were not statistically significant.
Patients with stable treatment during follow-up
In order to exclude a potential bias linked to changes in cART during follow-up, we focused selectively on the 57 patients whose treatment was not modified: even in this group, patients with improvement or stability (38/57, 67%) differed from those with worsening (19/57, 33%) in terms of CPE score at inclusion (8.1 vs. 7.1; P ¼ 0.03), whereas they did not differ for the duration of their last ART (25.8 vs. 35.7 months; P ¼ 0.15).
The main cognitive abilities to worsen were executive functions (11 cases), recall memory (10 cases) and speed of information processing (8 cases).
Aviremic patients
Thirty-seven patients with persistently undetectable viral load during follow-up were studied in order to see if any change in neuropsychological performance was observed: 27 of 37 patients were initially defined as not impaired, whereas 10 of 37 had HANDs at inclusion.
Follow-up showed that 24 of 37 patients were stable or improved, whereas 13 of 37 had clinical worsening. Clinical worsening was mainly observed in executive functions (8 cases), recall memory (7 cases) and speed of information processing (4 cases).
Even in this patient subgroup, those with clinical worsening had a lower CPE score than the others (7.0 vs. 8.1; P ¼ 0.01)
Discussion
We conducted a longitudinal study investigating changes in neuropsychological performance in an HIV-infected population regularly followed at Nice University Hospital. We explored factors potentially associated with neuropsychological worsening, and in particular, our goal was to study whether high CNS-penetrating regimens could protect against cognitive deterioration.
During a 2-year follow-up period, the proportion of patients with a diagnosis of HANDs increased, most of them displaying mild cognitive disorders, whether symptomatic or not. The main novel domains of impairment concerned executive functions, learning and working memory.
We showed that patients with clinical worsening had lower CPE scores at inclusion and at the end of follow-up. Even in the subgroups of patients who either did not change treatment or remained aviremic during followup, differences were significant.
The majority of novel HAND diagnosis concerned patients with neuropsychological deficit, whereas in those with completely normal tests upon inclusion, neuropsychological performance remained generally stable.
Although the degree of impairment changed over time in certain cases, the majority of patients diagnosed with HANDs at inclusion were stable during follow-up and only six of them showed clinical improvement.
If confirmed by other studies on larger numbers of patients, our results suggest that once neurocognitive disorders are diagnosed, they generally remain stable over time, whereas novel cognitive deterioration could be prevented by high CNS-penetrating regimens.
Letendre et al. [18] showed that a CPE score greater than a median value of 7 was associated with a significantly smaller proportion of patients with a CSF viral load above 2 copies/ml. Our data show that patients with clinical worsening have a median CPE score of 6.9 at inclusion. Unfortunately, we did not perform lumbar punctures during the follow-up, thus we can only speculate that lower penetrating regimens were linked to higher risks of viral replication and immune activation in CSF.
Our results are in contrast with other studies in favor of neurotoxicity of antiretrovirals, such as that by Robertson et al. [9] , who showed that treatment interruption could provide a clinical benefit, and Marra et al. [12] , who found that higher CSF-penetrating regimens were associated with poorer neurocognitive performance. Unfortunately, our study lacked drug monitoring in the CSF during follow-up, so that we can only suggest the possibility of a therapeutic window as an explanation for the effectiveness of ART in the CNS. Indeed, Letendre [19] suggested that the goal of ART is to achieve a range of concentrations in the CNS that allow a control of viral replication and immune activation, thus reducing the risk of brain injury. Only when overstepping a critical threshold might antiretrovirals be associated with neurotoxicity [19] .
The low number of patients who improved could be explained by the study design, as this was not an interventional trial on patients with HANDs failing or starting treatment, but rather a follow-up of the natural course of neurocognitive performance in the cARTera in a randomly selected population. However, it is interesting to note that improvement was mainly observed among patients with HANDs who changed therapy as a consequence of virological failure.
The increased number of patients with learning memory deficit is in favor of a cortical-subcortical pattern of impairment previously described by other authors [1, 20] . This fact could be explained by the accelerated aging process observed in the HIV-infected population and by the high number of associated comorbid conditions. Indeed, Ances et al. [21] found that functional brain demands observed via functional MRI in HIV-infected patients were equivalent to 15-20 years older HIVnegative individuals, suggesting that HIV and aging are independent factors for body frailty.
Even aviremic patients were at risk of evolving toward neurocognitive deterioration, confirming what has been previously described by Simioni et al. [22] , who found a high prevalence of HANDs even in long-standing aviremic patients.
The study has many limitations, especially in terms of the evaluation of cognitive performance over time. For each patient, we looked for any change in degree of impairment according to the AAN classification criteria, whereas other authors measured a global cognitive score. Our method is interesting for its evaluation of interference with daily living and for the long period of neuropsychological testing, but underestimation or overestimation of neuropsychological performance cannot be excluded in patients remaining in the same impairment group.
Moreover, the minority of patients with multiple changes of cART during follow-up may introduce a potential bias for the analysis of CPE scores, as these were only measured upon inclusion and at the end of our study. However, even in the subgroup of patients who did not change cART during follow-up, the CPE score was significantly associated with clinical outcome, thus excluding the potential bias of treatment modification.
The fact that patients with clinical worsening had almost significant longer periods of exposure to cART at inclusion could allow to speculate that longer periods of exposure to less CSF-penetrating drug combinations could increase the risk of neuropsychological test deterioration. However, these results were not confirmed in the subgroup of patients who did not change treatment, so that this hypothesis needs to be elucidated via larger studies.
Further insights into the protective role of the high CNSpenetrating drugs could be provided by the antiretroviral monocyte efficacy score, which was recently introduced by Shikuma et al. [25] , although it still lacks data for several molecules and needs further studies before being routinely applied to HAND studies [26] .
In conclusion, our study shows that over a follow-up period of 2 years, the proportion of cases of HANDs increased and patients with lower CNS-penetrating regimens carried a higher risk of clinical deterioration. The clinical significance of neuropsychological deficit and ANI still needs to be elucidated.
